INTRODUCTION
Urban residents may face a serious dilemma in trying to avoid health risks from insect infestations. On one hand, infestations can pose a threat to health and safety, especially for those with respiratory conditions, 1, 2 and on the other hand, the most expedient and affordable remedies for infestations may lead to different health risks through pesticide exposure. Even though some extermination methods are low risk or benign, household extermination is likely a major source of pesticide exposure for many urban residents. 3, 4 In the United States, urban pesticide exposure is high, 3, 5, 6 and in New York City, exposure may be from 4 to 14 times higher than in other parts of the country. 7 Pesticides are linked to serious negative health outcomes, particularly with prolonged exposure or inappropriate use. [8] [9] [10] [11] [12] Different factors may affect risk of increased exposure and acute pesticide poisonings, depending on whether consumers apply pesticides themselves or hire a professional. For example, licensed exterminators have sanctioned access to stronger chemicals, and consumers may be less likely than professionals to understand the mechanics of exposure or follow recommended protocol. One study in the United Kingdom interviewed consumers about household pesticide use and found that only 45% deemed safety to be the highest priority, one-third reported they would not follow the label instructions and that labels were hard to understand, and less than half would use gloves or other protective equipment. 13 Differences in the population by application techniques may not describe differences in exposure, however, behavior patterns may help predict risk of exposure in changing entomological landscapes, and may be of value where specific pesticide applications are common or recommended, or where individual-level biomarkers to assess exposure are not practical.
Outside of a few, focused investigations, there is little known about the use of urban residential pest control strategies. One study describing pesticide use among pregnant women in NYC found 88% reported using pesticides during pregnancy in [2002] [2003] [2004] [2005] [2006] , with approximately 40% using professional extermination. hospitals, prisons) or group homes (e.g., university dorms). This crosssectional, population-based study used a three-stage sampling scheme. A total of 4026 households were randomly selected for a final sample of 1999 subjects with an overall response rate of 55%. Participants received $100 upon completion of the survey, and received results of laboratory tests valued at more than $300. 16 The survey portion of NYC HANES was conducted between 2 June and 19 December 2004. For additional details, see Thrope et al. 17 
Study Variables
The outcomes were determined by the response to two questions in the face-to-face interview:
1. In the past 3 months, were any chemicals used by a pest control professional to treat (your) home to control fleas, roaches, ants, termites, or other insects? 2. In the past 3 months, were any chemicals used by (you) or someone living in (your) home to treat (your) home to control fleas, roaches, ants, termites, or other insects?
A dichotomous variable was created to identify participants who had used any extermination in the past 3 months. In addition, we created indicators for each of three outcome variables: only consumer, only professional or both professional and consumer applied, among those who had exterminated.
Statistical Analysis
Analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC, USA). The complex study design was taken into account and all data were weighted to the New York City population. We tabulated counts, and computed proportions with 95% confidence intervals. We used chi-squared tests to assess the statistical significance of any difference by participant characteristic in the prevalence of having used any extermination in the past 3 months. We used univariate logistic regression to look at the unadjusted association of each extermination modality (i.e., consumer only, professionally applied only, and both) among those with any extermination use by individual variables. Variables showing significant (Po0.05) crude associations in the univariate models were included in a multivariate model to estimate independent associations.
RESULTS

Demographics by Outcome
Overall, 57.7% of the New York City population used some form of extermination in the past 3 months. The demographic factors that were significantly associated with having used any extermination were race, gender, income, education, US or foreign born, selfreported health, asthma, diabetes, and depression. Among Hispanics, country of origin/descent was also significantly associated with the use of any extermination ( For consumer-applied extermination only, age 40-49 (OR ¼ 1.7) and 60 þ (OR ¼ 1.6) had higher odds compared with the 20-29 age group. Asians had a greater odds compared with whites (OR ¼ 1.9). College graduates (OR ¼ 0.6), as well as those with marital status of widowed/divorced/single (OR ¼ 0.6) had lower odds of consumer-applied extermination only. Hispanics had a higher odds of using both strategies compared with white (OR ¼ 1.7), as did those with income o$20,000 compared with 4$75,000 (OR ¼ 2.2). (Table 2) Multivariate Results To explore independent predictors, the multivariate models included all demographic and health variables that were significant in the univariate analysis. Among those who used any extermination in the past 3 months, use of professional extermination only was significantly associated with being in the 50-59 year age range compared with age 20-29 (OR ¼ 0.4), and being widowed/ divorced/single (OR ¼ 1.7). (Table 3 ) Blacks and Hispanics had lower odds of professional extermination compared with whites (OR ¼ 0.5 and OR ¼ 0.3, respectively). Consumer-applied extermination only was significantly associated with age 40-49 and 60 þ versus age 20-29 (OR ¼ 1.5 and OR ¼ 1.8, respectively), and odds were lower for those who were widowed, divorced or single (OR ¼ 0.6). Conjoint professional-and consumer-applied extermination was significantly associated with having an income less than $20,000 compared with 4$75,000 (OR ¼ 2.1).
DISCUSSION
Our finding that roughly half of the population used any extermination over a 3-month period in 2004 was consistent with findings of near-universal prevalence in other studies citing high levels of pesticides. For example, in 2000, Adgate et al 4 found pesticides in 97% of a 308 household survey. Stout et al 5 found pesticide residue for six separate pesticides, ranging in prevalence from 40-89%, in a random sample of 500 homes across the United States. In 1998, Thier et al 18 found pesticide sales in New York City to be some of the highest in New York by county.
Mirroring evidence in literature of higher neighborhood infestations rates in low-income neighborhoods and in poor housing stock, [19] [20] [21] we found characteristics frequently associated with lower socioeconomic status-foreign birth, lower income, non-white race, lower education levels, and being female-all showed higher prevalence in related variables among those using any extermination. In unadjusted models, for those with lowincome indicators, point prevalence of consumer-applied extermination only showed a general trend to higher prevalence (though confidence intervals limited statistical significance), supporting the intuitive connection between income and relative burden of professional extermination fees.
Income had a clear and consistent impact on pesticide strategy, and adjusting for income attenuated the effect of several factors significant in unadjusted models. In the adjusted model for consumer application, income attenuated the effect of all factors on consumer-applied pesticides only, with the exception of age and marital status. Similarly, we found lower odds of professional use only among Hispanics and blacks, which may also be related to socioeconomic status and neighborhood pest prevalence.
Although the actual health risks associated with reported infestation and extermination cannot be determined from this survey data, some possible consequences of differentiated pesticide application strategies should be considered. It seems likely that conjoint use of both consumer-applied and professional extermination may indicate a persistent infestation, either from the type of infesting insect and its resistance to common pesticides, or inappropriate procedures or chemicals. Use of multiple methods of pesticide application may result in exposure to multiple types of pesticides who present risk singly, cumulatively or interactively. Different pesticides are thought to have varying dispersal rates and residue levels, however, many are known to linger. 3 One national sample found from 1-10 pesticides in representative child-care centers and universal presence of chlorpyrifos and 6-trichloro-2-pyridinol (TCP) in air and dust floor samples. 22 In a more focused study, 100% of 314 pregnant Dominican and African-American women in New York City were found to have detectable levels of three pesticides, organophosphates diazinon, chlorpyrifos, and carbamate propoxur. Exposures levels may vary, and may come from a variety of pathways. 23, 24 With high levels of extermination overall, and conjoint strategies representing 40% of consumer application and 60% of professional application, we recommend further investigation to assess the additive cumulative risk and the potential for the chemicals to interact and jeopardize the health of urban residents in cities such as New York. Depending on these findings of studies on interaction and cumulative impact over time, public education on the risks of using multiple pesticides and other chemical interaction and how to minimize them may help prevent unnecessary risk. These concerns have drawn attention before. From a 1997 provision of the 1996 Food Quality Protection Act, the Environmental Protection Agency is required to consider cumulative pesticide load and potential pesticide interactions when evaluating pesticide safety. 25 If conjoint use indicates persistent or frequent infestations, additional measures may be required to safely manage pests. As professional extermination is common, some consumers also may benefit from incentives or requirements for professionals to teach and use best pest management practices, such as integrated pest management (IPM), which can improve pest control with lower use of pesticides overall. 26 Additional research should investigate the impact of conjoint use on pesticide exposure and determine whether safety may be improved with simple screening of residents' past pesticide use before professional extermination services to avoid potential chemical interactions.
The reasons for extermination choice are still uncertain. A higher level of use of one extermination modality may indicate a difference in level or type of infestation for which a specific strategy (consumer-applied versus professional-applied only or both) is recommended, or may reflect a general tendency of one group to use a specific strategy more often that other groups, regardless of infestation type. By examining extermination modality among those with any extermination use, we attempted to tease out these differences -higher prevalence in single modality compared with use of both consumer and professional application results suggest that age is a determinant of modality, not simply a difference in risk of any pest infestation. Consistent with this, in the multivariate model, income was significantly associated with conjoint use of both strategies, but insignificant by single modality, which may point to higher risk of severe pest infestation rather than choice of strategies. Without more details about the pest infestations, we cannot be certain about such conclusions, although these data are provocative, and may be useful to frame future studies.
Determinants of choice in pest eradication may have special relevance in light of the resurgence of bedbugs, which largely began in New York around 2004. Safe and effective treatment recommended for bedbug infestation has commonly been limited to regulated chemical pesticides available only to licensed exterminators. [27] [28] [29] It should be noted, however, that professional exterminators have access to stronger chemicals, and may, in fact, opt for heavier application to lower costs of return visits under guarantees, or to provide a service perceived as faster, more efficient and more satisfying to their customers. One study by the Centers for Disease Control on 111 bedbug-related pesticide poisonings cite both consumer and professional application, by licensed and unlicensed applicators. 30 Bedbug infestations may disproportionately affect renters, people of Professional practices aside, professional extermination can be costly, especially for lowincome households, and may not always be a realistic policy recommendation. The distribution of infestations, and the high nuisance factor, hardiness and persistence of bedbug infestations provides an example of how patterns of extermination strategies and modalities may have a role in current and future risks for pesticide exposure and could help inform targeted education efforts on safe application. 32 In the example of bedbugs, interventions would possibly involve professional exterminators for those more likely to hire an exterminator and public education about the limits of home extermination for those more likely to exterminate without professional help.
The NYC HANES is a cross-sectional study. While most of the demographic covariates do not raise concerns about temporal order given that the outcome was use of pesticides in the past 3 months, associations with health and mental health characteristics may post some temporal ambiguity. Extermination strategies may vary by insect type, and types of infestations vary by season or other cycles, so those reported here may not reflect annual average or usual practice. Extermination practice is self-reported and may suffer from recall bias.
''Pest control professional'' and ''pest control'' are non-specific terms, and ''pest control'' could include a range of procedures, from placing enclosed baits under the refrigerator to use of foggers, and could depend on insect type and level of infestation, as well as the availability of licit or illicit chemicals. 3 Pest control strategies do not indicate safer or less safe pest control, nor do they denote higher or lower health risk, compared with infestations. Also, given differences in socioeconomic status, some residents may be more likely to depend on extermination by a landlord; others may be unable or unwilling to involve a landlord. Renters, by definition, have a different relationship to building management than do home owners or coop owners, which could account for the difference in practice among different shown to be associated with higher infestation levels for a number of pests, and may be differentially confounding some of these associations. 20, 33 New York City has a distinct demographic and environmental profile, and findings from this study may be limited to similarly diverse populations in a developed, urban setting. Different geographic areas may deal with different insects or pest problems, or have higher or lower baseline exposures, and may have building codes, social norms or history, legislation, access to services or specific pesticides, public education systems, financial resources, or assistance programs that differ from New York City's.
CONCLUSION
Our data suggest that pest control strategies may differ significantly by income, age, marital status, and race. Although we cannot determine exposure levels from these data, the use of multiple strategies and a high prevalence overall suggest that cumulative and interactive chemical exposures should be evaluated for their impact on human health. If choice of strategy has any independence from infestation type, the rise in bedbug infestations increases the risk for disproportionate pesticide exposure if IPM is not incorporated as an affordable alternative. These potential health issues illustrate how knowledge of strategy and modality use could inform policy and interventions in a changing entomological landscape.
Depending on the specific infestations and specific pesticides, these findings suggest targeting groups for education and interventions in light of knowledge of pest control strategy predictors. For challenging, ongoing or persistent infestations where extermination poses exposure risk, and subsequent health risk, those who primarily use consumer-applied extermination should know about safety precautions, differences in efficacy based on type of infestation, and application risks, whereas those who primarily use professional extermination should be well versed in vendor selection or how to communicate past chemical use to effect safe extermination. The high prevalence of conjoint use, especially among Hispanics, may indicate a need for targeted education on different strategies such as IPM, 26 and raises the possibility of higher risk of harmful chemical interactions.
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